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TABLE 1. Characteristics of patients with asthma and normal subjects 
No. Sex 
Asthma 
Age 
(years) 
FEV, 
(% of pred.) No. 
Normal subjects 
Age FEV, 
Sex (years) (% of pred.) 
1 F 19 85 1 F 28 89 
2 F 21 80 2 F 33 98 
3 M 38 61 3 F 28 109 
4 M 24 63 4 M 38 104 
5 M 52 78 5 M 32 92 
6 M 20 79 6 F 39 108 
7 F 18 87 I M 40 87 
8 M 25 86 8 F 31 99 
9 M 26 89 9 F 27 103 
10 M 30 85 10 F 32 111 
11 F 45 91 11 F 31 88 
12 F 36 74 12 F 29 117 
13 M 40 96 13 M 35 85 
14 F 31 110 14 F 30 103 
15 F 27 75 15 M 32 100 
Mean 30.1 83.0 32.7 92.9 
used continuous inhaled corticosteroids (Budesonide 400- 
800 ,ug day - ’ or Beclomethasone 500-1OOOpg day ~ ‘), but 
these were withheld 24 h before the test. Bronchodilators 
were withheld 12 h before exercise testing. The study was 
approved by the Institutional Committee on Human 
Research and informed consent was obtained from all 
patients. 
TESTS 
pH monitoring 
Following an overnight fast, subjects were placed on con- 
tinuous monitoring of oesophageal pH (Digitrapper MK 
III@, Synectics Medical, Stockholm, Sweden). The pH 
electrode was calibrated in the standard fashion recom- 
mended by the manufacturer. The pH electrode was posi- 
tioned 5 cm above the lower oesophageal sphincter as 
determined by the pH change. pH was monitored for 
30 min before, during, and 30 min following the exercise 
test. GER was defined by an intraoesophageal pH<4 for 
more than 60 s. 
Exercise challenge 
Exercise testing was performed by running on a treadmill 
(23), while breathing room air (humidity 3@40%). The 
heart rate was monitored by a radiographic device. The 
incline of the treadmill was set at 5-lo%, depending on 
the physical condition of the subject. Warming up was 
performed by 1 min of walking. The speed was then 
increased over 2 min to induce heart rate >90% of the 
predicted maximal rate (220-age). Thereafter, the subjects 
ran at the same speed for the next 5 min unless dyspnoea 
forced us to decrease speed. 
Spiromefry 
The forced vital capacity (FVC) and the forced expira- 
tory volume in 1 s (FEV,) were measured three times 
on a computerized spirometer (Compact, Vitalograph, 
Buckingham, U.K.) and the best trial is reported. 
Spirometry was performed 15 min before the exercise test 
and 10 min after running. 
Results 
Fifteen patients with asthma, mean ( f SEM) age 30.1 f 2.6 
years (range 18-52) with mean FEV, 83.0 f 3.0% of pre- 
dicted normal values (range 63-llO%), and 15 normal 
subjects, mean age 32.7 f 1.1 years (range 2840) mean 
FEV, 92.9 f 6.3% of predicted normal values (range 
855117%) were recruited for the study (Table 1). Mean 
( f SEM) heart rate during the last minute of the test was 
172&8min - ’ in the asthmatic subjects and 170 f 7 min- ’ 
in the control group. 
The mean fall in FEV, in the asthmatics was 19.0 * 2.8%, 
following exercise. Twelve patients demonstrated a signifi- 
cant decrease in FEV, (> 15%), while none in the control 
group had a decrease in FEV, >8% (Table 2). The individ- 
ual fall in FEV, in the asthmatics is shown in Fig. 1. Six out 
of the 15 normal subjects had one or more episodes of GER 
during exercise or in the following 10 min until the post- 
exercise spirometry was performed. One had four episodes 
with total duration of 4.5 min, one had two episodes with 
TABLE 2. Data from spirometry and oesophageal pH 
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Asthma Normal subjects 
No. 
AFEV, 
Reflux episodes 
AFEV, 
Reflux episodes 
(%) No 15 min Dur (min) No. (%) No >5 min Dur (min) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
h SEM 
- 18.8 0 0 0 1 +11.2 1 0 2 
- 21.2 0 0 0 2 +5.1 0 0 0 
- 26.9 0 0 0 3 * 0.0 0 0 0 
- 1.6 0 0 0 4 -1.9 0 0 0 
- 37.2 0 0 0 5 -7.4 0 0 0 
- 22.8 1 1 8 6 -3.7 4 0 4.5 
- 16.1 0 0 0 7 +9.2 0 0 0 
- 24.4 0 0 0 8 +2.0 2 0 3 
- 25.8 0 0 0 9 -3.9 0 0 0 
+5.8 0 0 0 10 -2.7 0 0 0 
- 23.1 0 0 0 11 +5.7 1 0 4.5 
- 5.4 1 0 1 12 -6.0 1 0 2 
- 17.7 0 0 0 13 +4.5 0 0 0 
- 22.7 0 0 0 14 +4.8 1 1 6 
- 26.9 1 1 6 15 -1.0 0 0 0 
- 19.0 0.2 0.1 1.0 +I.1 0.7 0.1 1.5 
f 2.84 f0.1 +CO.l h 0.6 Lk 1.4 * 0.3 io.1 f 0.5 
total duration of 3 min, and four had one episode each, 
with total duration of 6, 4.5, 2, 2 min, respectively. As 
mentioned before none developed ElB following exercise. 
In the asthmatic group of patients, three had episodes of 
GER during exercise. All three had a single episode with 
total duration of 8, 6, and 1 min. As can be noted in Table 
2 there was no relation between EIB and GER, as nine 
patients had bronchoconstriction, following exercise, with- 
out GER, only two patients had EIB and GER concomi- 
tantly, and one patient with asthma had documented GER 
although no EIB occurred following exercise. 
Before exercise After exercise 
FIG. 1. The individual measured FEV, (% of predicted 
normal values) before and following exercise in 1.5 asth- 
matic patients. 
Discussion 
Exercise-induced bronchoconstriction (EIB) is regarded as 
a temporary increase in airway resistance due to hyper- 
responsiveness that occurs 6-10 min following strenuous 
physical exercise. EIB occurs in 75-90% of asthmatics. This 
disorder is more frequent and appears to be worse in 
children and young adults. The precise mechanism of EIB 
has not been elucidated yet (13,15,16). However, it is 
considered to be due to a number of thermodynamic events 
occurring during exercise, such as thermally sensitive 
neuroreceptors responding to airway cooling and heat loss, 
hyperosmolarity of the airways due to water loss, hyperae- 
mia with vascular leakage and release of several chemical 
mediators (15,16). 
In recent studies the mechanism of GER has been 
investigated. Exercise has been reported to increase the rate 
of reflux episodes (19,24). GER was found at submaximal 
exercise levels (20) and when the exercise was performed a 
short time after a substantial meal when the lower 
oesophagial sphincter is maximally related (25,26). 
One common, often overlooked, trigger in exacerbating 
asthma, is GER. The prevalence of GER in asthmatics is 
estimated at between 34% and 89% (27,28). Asthmatic 
patients having no documented allergic component, and 
with primarily nocturnal symptoms, should raise a serious 
consideration of possible retlux induced bronchoconstric- 
tion. Several potential mechanisms whereby GER induces 
bronchoconstriction in asthmatics had been raised. 
Although the exact mechanism has not been completely 
clarified, recent studies strongly support the ‘reflex’ theory 
rather than the microaspiration theory (29,30). With the 
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documented relationship of GER and asthma, exercise and 
GER and exercise and bronchoconstriction in asthmatics, 
the possibility for association between EIB and GER was a 
logical consideration. Unfortunately, our present study 
failed to show any correlation between EIB and GER. Only 
two asthmatic patients, out of 12 that had significant 
increase in airway resistance following exercise, had shown 
an episode of GER, and the third asthmatic patient that 
had an episode of GER failed to show bronchoconstriction, 
at all, following the exercise test. 
In a study performed by Wright et al. (31), it was also 
demonstrated that EIB was not associated with GER in 10 
athletes with no history of allergy or asthma but with 
history of EIB. 
All patients performed the exercise test with work inten- 
sity as recommended (17). The prevalence of EIB in 12/l 5 
(80%) in our group of asthmatics correlates with the 
literature (12,15). Nevertheless, although GER plays some 
role in asthma (32) the present study shows that EIB is not 
associated with GER in patients with asthma 
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